Many studies have compared the gait patterns of young and old people.'" The gait characteristics investigated included temporal and distance factors along with specific joint range-ofmotion (ROM) measurements during gait,'-5j7b8 o r temporal and distance factors alone.6.9
In general, most investigators have found little difference in the joint ROM of the hip and knee between younger and older p e 0 p l e .~~~8 J~l~ Differences in total ankle excursion between young and old people during gait havc been n0ted.~s53* The difference in total ankle excursion noted between voung and old ~e o~l e Maximum excurslon of hip in flexion during gait (in degrees)
Maximum excurslon of knee in extension during gait (in degrees)
Maximum excursion of knee in flexion during gait (in degrees)
Maximum excursion of ankle in dorsiflexion during gait (in degrees)
Maximum excursion of ankle in plantar flexion during gait (in degrees)
Distance between two consecutive heel-strikes on the right (in centimeters)
Time between two consecutive heel-strikes on the right (in seconds)
Self-selected walking speed; stride lengthlstride time (in centimeters per second)
the end of the stance phase noted for older men compared with younger men. The purpose of this investigation was to describe the differences in nine gait characteristics (Tab. 1) between younger and older people in good health. Peak flexion and extension at the hip, knee, and ankle in the sagittal plane during free speed ambulation in younger people was compared to the peak flexion and extension of these joints during free speed ambulation in older people. Stride length and time, and velocity were also compared between groups.
Method
Older and younger adults participated in a multivariate comparison study of gait characteristics at self-selected walking speeds. The health status of each subject was determined by a screening evaluation (Tab. 3) performed by a licensed physical therapist. The purposes of the screening evaluation was to ensure that subjects were in good health and had sufficient mobility and strength for gait. Such screening was believed to be essential to enable a more valid comparison of the gait characteristics studied in two different age groups.
Subjects
All subjects participating were without appreciable leg-length discrepancy (r 0.5 cm), demonstrated freedom of movement in all planes of trunk motion, and complained of no functional limitations in trunk movements. Subjects demonstrated the mean lowerextremity ROM used in gait at the hip, knee, and ankle as reported by Murray and c o l l e a g~e s . '~~~'~ All subjects exhibited Good to Normal muscle strength throughout both lower extremities based on standard manual muscle testing."
Procedure
Each subject was scheduled for one 45-minute session, which included the screening evaluation and videotaping. All screening and videotaping were performed in the outpatient physical therapy area at H a r m a~l l e Rehabilitation Center by the principal investigator (KMO). All subjects were required to wear shorts, sleeveless or shortsleeve shirts, and flat-sole shoes. Following successful completion of the screening, subjects were prepared for data collection. Reflective markers were placed at six locations along the right side of each subject: (1) iliac crest, (2) greater trochanter, (3) rnidPhysical Therapy /Volume 74, Number 7/July 1994 dle of the knee joint, (4) approximate center of mass of the lower leg and foot, (5) heel, and (6) fifth metatarsophalangeal joint ( Fig. 1 ). All subjects were standing when the markers were placed.
The iliac crest marker was placed so as to reflect the angle of the pelvis on the femur @elvic angle). The iliac crest marker was placed along a line connecting the anterior superior iliac spine and the posterior superior iliac spine at a point at which a perpendicular line passing through the greater trochanter intercepted. If an anterior pelvic tilt was present, the iliac crest marker placement was anterior to the greater trochanter, and if a posterior pelvic tilt was present, the iliac crest marker placement was posterior to the greater trochanter pig. 2). With the knee in extension, the knee marker was placed at the midpoint of a line connecting the mid-popliteal fold and the middle of the body of the patella.
the lower leg and foot marker was used instead of a marker at the lateral malleolus because paths created by the ankle and foot markers crossed over one another making it difficult to discern the individual positions of the markers during analysis. The marker for the center of mass of the lower leg was placed in line with the knee marker and the lateral malleolus.
The heel and metatarsal markers were placed directly on the outside of the subject's shoe. The heel marker was placed at the posterolateral base of the heel, and the metatarsophalangeal marker was placed at the site of the fifth metatarsophalangeal joint. The latter site was determined when the subject was asked to lift the heel, flexing the foot at the metatarsophalangeal joints.
Subjects walked along a 6-m walkway at a self-selected speed. Videotaping was done from the right side only. Subjects received initial coaching and practice to determine which foot to for most subjects. At least three walks were filmed for each subject to ensure one walk with adequate marker visibility. The walk with the best visibility of markers was chosen.
lnstrumentatlon
Gait analysis was performed using the Expenvision '" Motion Analysis '" ~y s t e m .~ This integrated computervideo system is tailored for motion analysis and consists of (1) an NEC TI-23A CCD video camerat with a 12.5-mm television lens on a tripod approximately 81 cm above the floor, (2) a high-intensity lights mounted parallel to the video camera, (3) a Panasonic Model TR-124MA video monitor,"4) a Panasonic Model AG-6300 VHS player, § (5) a VP-110 video processor,* and (6) an IBM AT computedl with display terminal and mouse.
A tripod with the video camera and high-intensity light were positioned
The center of mass of the lower leg begin walking with in order for one and foot was estimated to be 60% of complete gait cycle to be videotaped. that would be digitized by the video hip and knee markers measured on processor, making analysis difficult.
the subject was equated with the number of pixels (the computer unit The video camera recorded the moof distance) between these two tion image and the reflective images points. The computer recorded the from the 2-cm diameter reflective events of right heel-strike numerically markers placed at six positions along and graphically. The points of heelthe subject's right side. The video strike were used in calculating stride processor produced digital outlines of length, stride time, and walking perpendicular to the 6-m walkway at a distance of 6.7 m. Behind the subject, a curtain served as background. Fluorescent lighting was used in the walkway area. Subjects wore dark clothing when possible to avoid reflections the reflective markers at 60 frames per second, which were fed into the computer. "Centroids" (representing the geometric center of the marker) were calculated by the computer from the digitized images and connected to form "paths" for each marker.
A distance scale factor was entered into the computer for each subject. The investigator drew a line joining the hip and knee centroids on the computer monitor, and the actual distance (in centimeters) between the speed.
Two user programs assisted in analyzing the heel path to note the events of right heel-strike that determine the limits of the gait cycle. A user program was written to view the horizontal position of the heel marker versus time. First, a numerical listing of heelposition points, time, and frame numbers was analyzed. Plateaus in this listing indicated stance phase, when the heel was not moving. The position of the heel at the beginning of Physical Therapy/Volume 74, Number 7/July 1994 each plateau was determined and entered into a second user program, which created a graph of the heel position versus time (Fig. 3) . The two heel-strike events were marked on the graph for visual verification that the events occurred at the beginning of the plateaus. The points of heelstrike were important in calculating the temporal and distance factors of gait, such as stride distance, stride time, and walking speed.
The maximum and minimum joint angles at the hip, knee, and ankle during one gait cycle were derived from the data input to the computer (Fig. 4) tion coefficients (type 2,l) for repeat analysis of the nine gait variables measured for the same walk were r= .92 o r greater (Tab. 4).la The computer analysis of the gait characteristics recorded was consistent with the repeat analysis. The reliability testing of marker placement and videotaping was not done as part of this study, which could account for some errors in data collection.
Data Analysis
The means, standard deviations, and 95% confidence intervals were calculated for the nine gait characteristics in each group (Tabs. 5,6). These values were used for comparison between the two groups using a multivariate analysis of variance (MANOVA). The specific MANOVA, Figure 4m Hip extension (O) Hip flexion (O) Knee extensiona (") probability value (ie, P=.05/3 variables = .006).
Results
The results of this multivariate comparison o f gait in young and old people indicated the groups differed in their gait performance based on the nine gair. variables studied (F=4.44; df=9,50; P<.001). Two of the gait characteristics-peak knee extension ROM and stride length-were independently different between the young and old groups (F= 15.23; df=1,58; P<.OO6 and F=9.55; df=1,58; P<.OO6, respectively). Peak knee extension and stride length were significantly less in the older persons com-- Table 6 . 95% Confdence Interoals pared with the younger persons. The difference in walking speed between groups approached the .006 level of significance. Older persons exhibited a slower walking speed than did younger persons.
Dlscusslon
The findings of this multivariate comparison of gait in young and old people indicated peak knee extension ROM and stride length differed between the groups. Stride time values were very similar between younger and older people in our study (younger group: R = l . l l , SD=0.07 seconds; older group: R=1.13, SD= 0.11 seconds). Stride time values in our study were consistent with those reported for other ~tudies.1~3~4. 9 The results of previous investigations and of our study support the notion that older people take smaller and slower steps compared with younger people. The result is an almost equal stride time for each group, but a slower speed for the elderly.
In our study, peak hip flexion was slightly increased in the older group compared with the younger group, although this finding was not statistically significant. Murray et all and Finley et a18 also found peak hip flexion to be slightly increased in older people compared with younger people. Slight increases in hip flexion during gait in older people may be an unconscious precaution against tripping o r an attempt to maintain stride length.
Hip extension values in our study were similar to those reported by Murray and c0Ueagues~~4 and Finley et al. 8 Finley et a1 reported hip extension in younger and older people to be 9 degrees, whereas in our study hip extension was 10 degrees (SD=9")n the younger people and 8 degrees (SD=6")n the older people. Murray and colleagues~~* report hip extension in healthy men and women to be approximately 10 degrees.
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Knee extension in our study was less in the older group @=7O, SD= 40) than in the younger group @=3", SD =4"). Murray and colleag~1esl.3 found knee extension to be almost identical in various age groups. During the initial screening for our study, several older people exhibited slight knee flexion with relaxed standing, whereas younger people were more likely to exhibit complete knee extension or hyperextension. Young people may exhibit greater ligament laxity at the knee, whereas older people may have an increased stihess of soft tissue structures at the knee. Another possibility is that older people may exhibit more knee flexion throughout the gait cycle to unconsciously lower their center of gravity.
Knee extension in our study was less in both age groups than in other s t~d i e s .~>~J~ Differences in knee motion during gait among studies could also be due to measurement methods, including marker placement and calculation of the knee angle. For example, Murray and colleagues1*3 manually measured knee motion from the image of reflective markers on a photograph.
Knee flexion in our study was similar to that found by Winter et al." Winter et a1 found knee flexion to be 67 degrees (SD=B") whereas in our study knee flexion was 66 degrees (SD=4")n the younger group and 69 degrees (SD=5")n the older group. Murray et a13 found knee flexion to be greater in younger men than in older men. Knee flexion values were greater in our study compared with other s t~d i e s .~~~J~J~ This finding may be an indication of a healthier, more active sample in our study, or it may reflect differences in measurement of knee motion during gait among studies.
Ankle dorsiflexion was increased slightly in older people and ankle plantar flexion was decreased in older people compared with younger people in our study. Similarly, Murray and c o l l e a g~e s~.~ reported decreased ankle plantar flexion and increased ankle dorsiflexion in older men compared with younger men.
Dorsiflexion and plantar-flexion ROMs were larger in our study for both younger and older people than in at least three other studies reviewed.1~5~8 In the study by Finley et al? subjects walked very slowly encumbered by measuring equipment, which could account for decreased ankle motion during gait. In the two other studies,'15 different ankle excursions reported may be due to the angle used to represent ankle motion. Many subjects in our study, however, also exhibited considerable ankle ROM when measured goniometrically during screening and indicated being active in regular exercise including walking, running, and golfing.
Some of the differences between our findings of gait changes in older people and the findings reported in previous investigations may be due to the differences in the health status of the older people studied. That is, some gait changes found in older people in previous studies may have been the result of pathology, not just aging. Extensive prescreening (Tab. 3) resulted in the subjects accepted in our study being free from pathology such as stroke, head injury, spinal cord injury, poliomyelitis, or arthritis. All subjects had normal flexibility and strength in the lower extremities and normal posture and leg length. Many subjects reported being involved in regular physical activity or exercise, although this was not a criterion for acceptance into the study.
sion during gait to improve an individual's gait pattern or performance. Stride length and speed also appear to be important to measure and address during treatment sessions. Improvement in speed of gait could serve to document the overall efficiency of gait.
In the future, a gait analysis of older people who are physically active versus older people who are sedentary might more clearly define the impressions resulting from our study. A longitudinal study in which the gait of several people is analyzed at various age milestones would also be a meaningful way of determining the effects of aging on gait characteristics. Lastly, intervention studies could be conducted to determine whether improving knee extension, stride length, o r walking speed in older adults improves functional gait.
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